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INSULATED CHAMBER AND METHOD FOR
FLUSHING SUCH A CHAMBER

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a § 371 of International PCT Appli-
cation PCT/FR2015/050242, filed Feb. 3, 2015, which

claims the benefit of FR1451026, filed Feb. 11, 2014, both
of which are herein incorporated by reference in their
entireties.

FIELD OF THE INVENTION

The present mvention relates to an insulated chamber,
particularly to a chamber 1nsulated using a solid 1nsulation,
operating at a subambient or even cryogenic temperature. It
also relates to a method for flushing such a chamber.

BACKGROUND OF THE INVENTION

Air separation units have an msulation system that makes
it possible to limit exchanges of heat between the external
environment and the various industrial equipment such as
columns and exchangers. This sulating system generally
employs one (or more) msulating material (s) (perlite, rock-
wool, etc.) contained, for mechanical reasons, in large
metallic structures commonly referred to as “cold boxes™.
These chambers are not sealed against the external air and,
for reasons of thermal efliciency and of safety, a continuous
flow of gaseous nitrogen 1s flushed through the inside of
these cold boxes.

U.S. Pat. No. 4,662,921 and FR-A-2509839 show that it
1s known practice to send nitrogen through an opening 1n the
roolf of the chamber so that the nitrogen passes Ireely
through the insulation that fills the chamber without being
channeled by a pipe. Such arrangements do not allow good
distribution of the nitrogen.

As 1llustrated 1n WO-A-2004015347, 1t 1s known practice
to send gaseous nitrogen from the distillation into the
insulation by means of a distributer positioned 1n the middle
of the mass of insulation. This too does not allow optimal
distribution of the nert gas.

SUMMARY OF THE INVENTION

In order to maintain a dry atmosphere 1n the isulation of
a cold box, use 1s generally made of nitrogen from the nert
gas network of the factory, with an oxygen content of below
5%, creating a slight overpressure with respect to atmo-
spheric pressure 1n order to avoid any ingress of damp air
into the insulation. This fluid needs to be perfectly dry and
degreased. This 1s because any ingress of moisture into the
cold box has the eflect of impairing the thermal performance
of the msulation (perlite). In addition, an 1ingress of air, even
dry air, carries a risk that oxygen-enriched air will condense
as soon as the temperature of the insulation (near the
cryogenic equipment) drops below the dew point of air. This
phenomenon may subsequently present a risk of ignition
and/or explosion with any readily flammable element in the
enriched air.

Inside the main casing of the cold box 1t 1s also necessary
to ensure that the atmosphere 1s continually replenished:

in order to remove the ambient air after opeming and

insulation,
in order to dilute and remove any air that may have
entered.
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The hourly flow rate to be taken into consideration for
inerting needs to allow the atmosphere of the cold box to be
renewed 1n around 24 h, namely with an hourly flow rate of
45 of the total volume of the box.

One subject of the mvention 1s an insulated chamber
comprising at least one element to be imnsulated which 1s
capable of operating at a subambient temperature or even
cryogenic temperature, the element being a storage facility
or a distillation column or scrubbing column containing
means allowing an exchange of heat and of matter or a heat
exchanger or a vaporizer-condenser or a metal pipe or a
filter, the space around the element or the elements being
filled with solid insulation and means for injecting a gas
containing at least 95 mol % nitrogen 1nto the nsulation, 1n
which at least some of the means for injecting the gas into
the 1nsulation open 1nto the insulation arranged at a position
vertically above at least one element that 1s to be 1nsulated,
so that the gas can seep out to a location vertically above the
clement that 1s to be insulated.

According to other aspects of the invention:

at least some of the means for injecting the gas into the

insulation open at a position directly vertically above at
least one element that 1s to be insulated;

the element that 1s to be mnsulated 1s a storage facility;

the element that 1s to be insulated 1s a distillation or

scrubbing column containing means allowing an
exchange of heat and of matter;

the element that 1s to be insulated 1s a heat exchanger;

the element that 1s to be insulated 1s a vaporizer-con-

denser;

the element that 1s to be mnsulated 1s a metal pipe;

the element that 1s to be insulated 1s a filter;

the means for injecting a gas consists of at least one rigid

perforated pipe, preferably made of steel or of alumi-
num;

the means for injecting the gas are arranged 1n such a way

that the gas enters the insulation of the chamber directly
only via the top of the chamber;

the perforated pipe comprises at most a single perforation

per 50 mm of length of pipe, or even at most a single
perforation per 100 mm of length of pipe;

the pertorated pipe 1s surrounded by a permeable element

so as to prevent insulation from entering via the per-
forations;
the msulation 1s perlite;
at least some of the means for mnjecting the gas consist of
at least one porous pipe positioned vertically mside the
chamber, having a length equal to at least half the
height of the chamber, or even having a length sub-
stantially equal to the height of the chamber, the pipe
being periorated, any porous pipe being arranged only
in part of the chamber likely to operate at a temperature
above a threshold, the threshold being higher than the
minimum temperature of the chamber, 1t being possible
for the threshold to be —=100° C. or even -50° C.;

a porous pipe has a porosity of at least 5%;

the porous pipe 1s made of polyethylene or of polyvinyl
chloride or of an agglomerate of rubber particles;

some ol the means for injecting the gas consist of at least
one rigid perforated pipe made of metal and the means
for mjecting the gas made up of at least one rigid
perforated pipe are arranged at least in a part of the
chamber that 1s supposed to operate at a temperature
below the threshold;

at least some of the means for imnjecting the gas consist of

at least three parallel flexible pipes positioned vertically
inside the chamber, each having a length equal to at
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least half the height of the chamber, or even having a
length substantially equal to the height of the chamber,
the pipe being perforated, or even porous;

the flexible pipe 1s porous over its entire surface such that

the pipe supplies gas over at least most of, or even all
of, the height of the chamber;

the pores of the at least one flexible pipe have a diameter

of between 1 and 100 um:;

at least some of the means for injecting the gas consist of

at least one flexible pipe positioned horizontally 1nside

the chamber, running along the roof of the chamber;
the solid insulation i1s a pulverulent insulation having

particle sizes ranging for example from 150 to 800 um:;

a series of flexible pipes are arranged parallel to one

another vertically along the walls of the chamber so
that no part of the wall of the chamber 1s more than a
minimal distance away from a pipe;

the means for injecting the gas consists of at least one pipe

that penetrates the solid 1nsulation;

the at least one pipe 1s connected to means for causing the

nitrogen to circulate through the pipe from the bottom
upward; and/or

the at least one pipe 1s fixed on the 1mnside of a vertical wall

of the chamber.

The mvention also provides a method for flushing an
insulated chamber having several walls and being substan-
tially airtight, inside the chamber there being at least one
clement that 1s to operate at a subambient or even cryogenic
temperature, the space inside the chamber around the ele-
ment or elements being filled with solid insulation, 1n which
a gas contaiming at least 95 mol % nitrogen 1s 1njected nto
the insulation so that the gas 1s injected 1nto the insulation 1n
at least a position vertically above at least one element that
1s to be isulated so that the gas seeps out to a location
vertically above the element that 1s to be insulated.

The gas can be distributed into the chamber by means of
at least one pipe, preferably perforated, entering the solid
insulation and runming along a vertical wall of the chamber.

The chamber may potentially comprise several elements
that are to be mnsulated and the method makes provision for
injecting gas at least at a position vertically above each
clement.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, aspects, and advantages of the
present mnvention will become better understood with regard
to the following description, claims, and accompanying
drawings. It 1s to be noted, however, that the drawings
illustrate only several embodiments of the invention and are
therefore not to be considered limiting of the invention’s
scope as 1t can admit to other equally eflective embodiments.

FIG. 1 provides an embodiment of the present invention.

FIG. 2 provides an alternate embodiment of the present
invention.

DETAILED DESCRIPTION

The invention will be described in greater detail with
reference to the figures which 1llustrate insulated chambers
according to the mvention.

FIG. 1 shows an air separation unit using cryogenic
distillation comprising three msulated chambers according
to the invention. A double column C is arranged 1nside a first
chamber CB1, the column being surrounded by perlite. The
chamber also contains a heat exchanger SR. The chamber
CB1 may have an addition of connecting boxes leading to
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pumps or turbines P. An argon separation column sur-
mounted by a top-end condenser R i1s arranged inside a
second chamber CB2, insulated with perlite. A third cham-
ber CB3 contains filters F.

The nitrogen ventilation system comprises flow-1njection
equipment made up ol an 1solation or regulating valve, a
float-type flow meter, and a valve (i1 the supply pressure 1s
>1 bar).

The nitrogen circulates through non-porous and non-
perforated vertical supply pipes 1. Above the column C the
nitrogen 1s poured imto a perforated distribution manifold
D3, consisting of horizontal pipes bent into squares and
arranged just above the column C. The manifolds are made
up of perforated tubes. The perforations formed 1n the tubes
have a diameter of 6 mm and are pierced approximately
every 100 mm and then covered in glass fabric if the
isulation 1s perlite. The distribution manifolds, and the
supply piping, are made of steel tube according to the class
of piping and are assembled by straight section miter welded
at 45°. The manifold, which 1s square 1n shape, 1s placed
directly above the dome of the column, so that the nitrogen
enters the insulation just above the column. The support 1s
made up of the casing framework, 1n the roof of the chamber
CBl1.

The mitrogen 1s therefore 1njected only from the top of the
chamber. Upon contact with the cold surfaces of the pipes,
heat exchangers and/or columns, 1t becomes more dense and
drops. Once 1t reaches the bottom of the chamber, arriving
at the walls of the structure, it heats back up again and rises
again, thus creating convection currents from the top down-
ward and the top and the bottom. This ensures that nitrogen
circulates 1nside the cold box.

For the second chamber CB2, distributors D1, D2 1n the
form of perforated horizontal pipe distribute the nitrogen
over the condenser R and the column (which 1s not 1llus-
trated).

For the third chamber CB3, a perforated manifold formed
by at least one perforated metal pipe 1s arranged over the
filters F, which are used to filter the liquid oxygen produced
by the column C. The manifold 1s supplied from a non-
porous and non-perforated pipe 5. The same 1s also true of
the connecting boxes leading to pumps and turbines P.

If a chamber contains an exchanger, for example a brazed
aluminum plate and fin exchanger, the nitrogen 1s tipped out
directly over the hot end of the heat exchanger.

The nitrogen comes from the column C 1tself and leaves
the column and 1s heated to ambient temperature before
being sent to the flushing-gas circuit at this temperature. The
nitrogen will then be cooled as 1t passes through the 1nsu-
lation from ambient temperature down to the operating
temperature of the column C. As an alternative, the nitrogen
may come from an existing storage facility or network, for
example the start-up phases.

Because the chamber 1s airtight, the nitrogen leaves the
chamber via a pipeline V and 1s sent out into the air.

FIG. 2 shows insulated chambers that are improved by
comparison with those of FIG. 1. The system of FIG. 1
exhibits a number of defects 1n terms of cost and installation
lead-time.

The cost of this flushing system 1s not solely down to the
cost of the materials (valve, tloat-type tlowmeter, steel
pipework, etc.) but rather includes the cost of manufacturing
and installing such a system.

By way of example, for a medium-sized apparatus (1600
t/d of oxygen), the cost is around k€ 10 for the cold box of
the distillation column having a diameter of 3.5 meters and
a height of 52 meters.
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The lead time for prefabricating such a system and
installing i1t on site 1s also fairly long and may represent a
real constraint in comparison with the final creation of an air
separation unit (ASU). By way of example, the lead time for
a medium-sized (1600 t/d of oxygen) piece of equipment 1s
2 weeks.

The efliciency of the system of FIG. 1 1n terms of flushing
through the entirety of the insulation present in the cold box
1s Tairly low because the gaseous nitrogen 1s injected only at
one end of the cold box and has to cover a large distance also
across a large cross section. In addition, the insulation
installed 1n the cold box 1s more or less compact (dense)
according to whereabouts 1n the cold box 1t 1s situated and
therefore presents diflerent pressure drops from one location
to another, thereby creating preferred pathways where there
1s a high nitrogen flow rate and others where there 1s a very
low one, 1f any flow rate at all.

Certain zones are therefore not flushed with gaseous
nitrogen or are insuiliciently flushed.

According to the alternative form 1n FIG. 2, some of the
flushing nitrogen 1s distributed using the same means as 1n
FIG. 1. The means D1, D2, D3, D4 continue to distribute
nitrogen over elements operating at the coldest temperatures
and are supplied directly by the pipes 1, 3, 5 made of metal
and which are rigid. To ensure better distribution of the
nitrogen, another proportion of the flushing mnitrogen 1s
supplied by a network of at least one porous flexible pipe,
preferably commercially available. This at least one flexible
pipe L may be positioned vertically along the walls of the
cold box, thus providing even distribution of nitrogen over
the entire height and cross section of the cold box.

For preference, a series of flexible pipes are arranged
parallel to one another so that no part of the wall of the
chamber 1s more than a minimal distance away from a pipe.
In the example, three tlexible pipes L are arranged along the
interior of a wall of the chamber and may be fixed to this
wall. The pipes may be supplied in such a way that the
nitrogen descends from the top of the chamber toward the
bottom of the chamber. Either the pipe i1s closed at the
bottom, so that all of the nitrogen passes through the wall of
the pipe or rises back up in the pipe. If not, the pipe may
form part of a network.

Because the flexible pipe L 1s porous, for example having,
a porosity of 5%, which means to say that 5% of the surface
1s made up of open pores, and has a length at least equal to
half the length of the chamber, or even substantially the
same length as the height of the chamber, the entire 1nterior
wall of the chamber 1s constantly flushed with nitrogen.

The flexible pipes will preferably be assembled using
commercially available couplings (tees, plugs, elbows,
reducers or valves).

The porous pipes may be made of polyethylene, polyvinyl
chloride, agglomerated rubber particles. The use of this kind
of material 1s made possible by the fact that they are
surrounded by the nitrogen-rich tlushing gas.

The porous pipes have an internal diameter ranging for
example from 10 to 16 mm.

In some cases, the material of the porous pipe cannot be
used at the lowest temperature found inside the chamber. In
such a case, the porous pipe will be used only 1n those parts
of the chamber where the temperature 1s above a threshold,
for example -100° C., or =50° C. In parts of the chamber
where the temperature 1s below this threshold, only distri-
bution means that can be used at low temperature, for
example rigid metal pipes, will be used. Obviously, the
metal pipes may also be present 1 those parts of the
chamber where the temperature 1s above the threshold.
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6

As can be seen 1 FIG. 2, the porous pipes L have a
vertical part running along the vertical wall of the chamber,
and a horizontal part.

The manifold of rigid metal pipes D1, D2, D3, D4, which
1s square in shape, will be installed at the top of the
equipment contained 1n the cold box as before. The curtain
of porous pipe L may hang down from the top of the square
manifold and be fixed, 11 need be, to the interior vertical
walls of the cold box. The manifold of pipes installed at the
top of the equipment may also be made up of porous pipes.
This mamifold may be square, star-shaped, etc.

The flushing nitrogen may be supplied by a circuit of rigid
pipes independent of the circuit of flexible pipes. Otherwise,
the flexible-pipes network may be connected to the rigid-
pipes network.

The main benefit 1s that 1t ensures an even distribution of
gaseous nitrogen through the casing of the cold box using a
system that 1s simple, mexpensive, and quick to install. The
retail price of these porous pipes is just € 42 per 50 linear
meters (for a porous pipe measuring 16 mmx22 m, for
automatic sprinkling micro irrigation). This rate becomes
markedly less expensive to industry and for larger quantities.
In addition, the porosity of the pipe means 1t can be installed
directly 1n the perlite without the latter entering the pipes and
thus being able to present problems of blockage.

The use of these porous pipes also makes it possible:
To reduce the cost of the present system while getting

around the phase of drilling the square manifold with 6

mm diameter holes every 100 mm.

To reduce the 1nstallation time (no angled cuts to be made
in the distribution manifold, no more welding, no
further need to encase the square distribution mamifold
when 1t 1s 1n perlite).

To reduce the weight of the cold box when the latter 1s 1n
a packet. The weight of the porous micropipe 1s around
100 g per linear meter, as compared with steel pipe
which weighs 2.5 kg per linear meter.

In the example of FIG. 2, only the chamber CB1 com-
prises vertical porous pipes but 1t 1s clear that this arrange-
ment could be deployed 1n each of the chambers.

The invention applies to any thermally insulated chamber
requiring a gaseous nitrogen flushing system and, 1n par-
ticular, to 1msulated chambers that make 1t possible to limit
exchanges of heat between the external environment and the
vartous cryogenic industrial equipment (distillation col-
umns, heat exchangers) of air separation units or mixing
units 1 which the key components are nitrogen and/or
hydrogen and/or carbon monoxide and/or carbon dioxide
and/or methane.

It will be appreciated that while the invention has been
illustrated with respect to double-column separation equip-
ment producing argon and oxygen 1n liquid form, 1t 1s clear
that the ivention applies to a chamber that forms part of a
single column air separation unit or a unit that does not
produce argon or does not produce oxygen.

The mvention applies to chambers containing columns
with a distillation or scrubbing of mixtures other than air, for
which separation 1s performed at subambient temperatures,
such as syn-gases containing hydrogen and/or carbon mon-
oxide or other mixtures containing methane and/or carbon
dioxide and/or carbon monoxide and/or nitrogen and/or
oxygen and/or hydrogen.

While the mnvention has been described in conjunction
with specific embodiments thereof, 1t 1s evident that many
alternatives, modifications, and varniations will be apparent
to those skilled 1n the art in light of the foregoing descrip-
tion. Accordingly, it 1s intended to embrace all such alter-




US 10,920,935 B2

7

natives, modifications, and variations as fall within the spirit
and broad scope of the appended claims. The present inven-
tion may suitably comprise, consist or consist essentially of
the elements disclosed and may be practiced 1n the absence
of an element not disclosed. Furthermore, it there 1s lan-
guage referring to order, such as first and second, 1t should
be understood 1n an exemplary sense and not 1n a limiting,
sense. For example, 1t can be recognized by those skilled 1n
the art that certain steps can be combined 1nto a single step.

The singular forms “a”, “an” and “the” include plural
referents, unless the context clearly dictates otherwise.

“Comprising” in a claim 1s an open transitional term
which means the subsequently 1dentified claim elements are
a nonexclusive listing (1.e., anything else may be addition-
ally included and remain within the scope of “comprising”).
“Comprising” as used herein may be replaced by the more
limited transitional terms “consisting essentially of” and
“consisting of” unless otherwise indicated herein.

“Providing” in a claim i1s defined to mean furnishing,
supplying, making available, or preparing something. The
step may be performed by any actor in the absence of
express language 1n the claim to the contrary.

Optional or optionally means that the subsequently
described event or circumstances may or may not occur. The
description includes instances where the event or circums-
stance occurs and instances where 1t does not occur.

Ranges may be expressed herein as from about one
particular value, and/or to about another particular value.
When such a range 1s expressed, 1t 1s to be understood that
another embodiment 1s from the one particular value and/or
to the other particular value, along with all combinations
within said range.

All references 1dentified herein are each hereby incorpo-
rated by reference into this application 1n their entireties, as
well as for the specific information for which each 1s cited.

The 1nvention claimed 1s:

1. A method for flushing an insulated chamber having
several walls and being substantially airtight; the method
comprising;

providing the insulated chamber comprising:

at least one element to be insulated which 1s configured
to operate at a cryogenic temperature, wherein the at
least one element being selected from the group
consisting of a storage facility, a distillation column,
a scrubbing column containing means allowing an
exchange of heat and of matter, a heat exchanger, a
vaporizer-condenser, a metal pipe, a filter and com-

binations thereof, wherein the space around the ele-
ment or the elements 1s filled with solid insulation,
and
a {irst piping network configured to imntroduce a flushing
gas containing at least 95% nitrogen into the insu-
lation, wherein at least a portion of the first piping
network 1s arranged at a position vertically above at
least one element that 1s to be insulated, so that the
gas can seep out to a location vertically above the at
least one element that 1s to be insulated; and
injecting the flushing gas containing at least 95% nitrogen
into the insulation using the first piping network so that
the flushing gas 1s injected 1nto the msulation 1n at least
a position vertically above at least one element that 1s
to be 1nsulated so that the gas seeps out to a location
vertically above the element that 1s to be nsulated.
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2. The method as claimed in claim 1, wherein the 1nsu-
lated chamber further comprises a second piping network
configured to 1nject the flushing gas 1nto the isulation, the
second piping network comprising at least one pipe that runs
along an inside of at least one vertical wall of the chamber,
wherein the at least one pipe 1s configured to introduce the
flushing gas at different vertical locations of the chamber.

3. The method as claimed 1n claim 1, wherein the first
piping network comprises at least one rigid perforated pipe.

4. The method as claimed in claim 2, wherein the at least
one pipe of the second piping network i1s comprised of a
porous pipe, the porous pipe having a length equal to at least
half the height of the chamber.

5. The method as claimed 1n claim 4, wherein the porous
pipe 1s disposed only 1n part of the chamber that 1s operating
at a temperature above a threshold, the threshold being
higher than the mimmum temperature of the chamber.

6. The method as claimed in claim 5, wherein the thresh-
old 1s warmer than -100° C.

7. The method as claimed 1n claim 6, wherein the first
piping network comprises at least one rigid perforated pipe
made ol metal and 1n which the first piping network 1s
disposed 1n a part of the chamber that 1s operating at a
temperature below the threshold.

8. The method as claimed 1n claim 4, wherein the second
piping network comprises at least three parallel flexible
pipes positioned vertically inside the chamber, each having
a length equal to at least half the height of the chamber.

9. The method as claimed 1n claim 8, wherein the flexible
pipes are porous over their entire surface such that the
flexible pipes supply gas over at least most of the height of
the chamber.

10. The method as claimed 1n claim 9, wherein the pores
of the flexible pipes have a diameter of between 1 and 100

m.
" 11. The method as claimed in claim 8, wherein the at least
three tlexible pipes are arranged parallel to one another

vertically along the walls of the chamber so that no part of
the wall of the chamber 1s more than a minimal distance
away from one of the flexible pipes.

12. The method as claimed 1n claim 2, wherein the second
piping network turther comprises at least one tlexible pipe
positioned horizontally inside the chamber, running along
the roof of the chamber.

13. The method as claimed 1n claim 2, wherein the first
piping network and the second piping network penetrate the
solid 1nsulation.

14. The method as claimed in claim 13, wherein the
second piping network 1s configured to circulate the flushing
gas from the bottom of the second piping network upward.

15. The method as claimed 1n claim 1, wherein the first
piping network comprises porous pipes.

16. The method as claimed 1n claim 1, wherein the first
piping network comprises a manifold above the at least one
clement, wherein the manifold 1s in the shape of a square.

17. The method as claimed 1n claim 1, wherein the porous
pipe of the second piping network 1s made of polyethylene,
polyvinyl chloride, or agglomerated rubber particles.

18. The method as claimed 1n claim 1, wherein the at least
one element to be isulated 1s a distillation column.
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